I. INTRODUCTION
As survival rates from intensive care unit (ICU) hospitalization have increased over the past few decades, the long-term cognitive, psychological, and physical impairments from their critical illness have now become the "defining challenge of critical care medicine." 1, 2 These long-term impairments are known as post-intensive care syndrome (PICS). [1] [2] [3] In 2012, the Society of Critical Care Medicine (SCCM) organized a task force on PICS to define the syndrome and raise awareness regarding the long-term consequences of critical illness on patients and their families. 3 PICS has become an increasingly important phenomenon in older adults for several reasons. 1, [4] [5] [6] [7] First, the number of older adults with critical illness is rapidly increasing as the population ages.
Patients 65 and over already account for 50% of ICU admissions, and patients 85 and over make up the fastest growing age group for ICU admissions. [4] [5] [6] [7] Second, over 70% of older adults hospitalized in the ICU develop delirium, 8 which is a major risk factor for developing ICU acquired cognitive impairment. 8, 9 Third, cognitive and functional impairment before an ICU hospitalization increases the likelihood of cognitive and functional decline afterwards. [10] [11] [12] This review discusses aging and PICS, with a special emphasis on aspects of PICS that geriatric psychiatrists can play a critical role in improving clinical care for these older ICU survivors and their families.
II. POST-INTENSIVE CARE SYNDROME (PICS) AND AGING

II.A. Epidemiology
About 50-70% of all ICU survivors suffer from at least one PICS-related impairment, and these effects can persist for as long as 5-15 years after discharge. 2 Almost one half of all ICU survivors discharged from the ICU have PICS-related physical impairments, and 30-80% will have PICS-related cognitive deficits. 12, 13 The prevalence of physical and cognitive impairments 16 .7% of survivors had moderate to severe cognitive impairment one year after hospitalization, compared to 6.1% before ICU hospitalization. 14 In another study examining 291 ICU admissions in older adults (average age 83.7), 51% were severely disabled at discharge from ICU. 15 In a study of 77 patients (median age 61), nearly 80% of ICU survivors had cognitive deficits on 3 month follow up, and 71% at 12 month follow-up. 15 Another study showed that 15% of older ICU survivors had a new diagnosis of dementia 3 years after followup, with almost 40% of new dementias being diagnosed within the first year.
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II.B. Physical impairment
Only about half of all older adult ICU survivors have functional recovery after their critical illness, with a median recovery time of 3 months. 10 Older survivors of severe sepsis developed 1.5 new activities of daily living (ADL) limitations compared to 0.5 of their non-ICU counterparts. 6 Likewise, older survivors who were mechanically ventilated were 30% more likely to have an ADL disability compared to hospitalized older adults who were not mechanically ventilated. 17 These physical impairments translate into increased need for support outside of the hospital. In a study of 291 ICU patients, 72.2% of patients required services on discharge and 58.3% required institutionalization for nursing care or rehabilitation. 15 Vision and hearing impairment prior to ICU hospitalization were associated with poorer post-ICU recovery in older adults, whereas higher body mass index and functional self-efficacy were associated with better post-ICU recovery. 10 The connection between persistent physical impairments and mental health quality of life need further study, but BRAIN-ICU study found physical disability was a significant contributor to depression at three and 12 months following ICU hospitalization. 
II.C. Long-term cognitive impairment (LTCI)
Risk factors for ICU-acquired long-term cognitive impairment (LTCI) in older adults include neurologic dysfunction, infection or severe sepsis, and acute dialysis. 19 Duration of delirium is a risk factor for LTCI for adults of any age. 12, 20 The interaction between LTCI, age, and delirium, however, is complex. Age is a major risk factor for delirium in both the general hospital and ICU settings. 21, 22 Older adults without premorbid cognitive impairment who develop delirium in both the general hospital and ICU settings have an increased risk of dementia compared to older adults without delirium. This shows delirium itself increases the risk of dementia. 19, 23, 24 However, the current evidence does not strongly support that older adults are at substantially higher risk than younger adults for LTCI. In a prospective observational study of 821 ICU subjects, adults 65 and over had similar global cognition and executive functioning scores to those younger than them at 3 and 12 months post discharge. 20 In a retrospective study of 10,348 Medicare beneficiaries, the absolute risk of dementia was only increased 3% in older intensive care patients compared to the general population, and this risk was mostly due to their critical illness rather than premorbid conditions. 19 One possible explanation is that the mechanisms causing LTCI from delirium may be distinct from Alzheimer's disease (AD) and other types of dementias. Figure 1 shows the relationship between risk factors for delirium and the underlying pathophysiologic mechanisms that could lead to delirium associated long-term cognitive impairment. While age, premorbid cognitive impairment, and underlying neurodegenerative pathology may increase susceptibility to delirium, 25 long-term cognitive impairment from delirium appears to be caused by hypoxia and pro-inflammatory cytokines. 26 This theory is consistent with the observation that the onset of
LTCI from delirium appears to depend on the duration of exposure to the pathophysiologic processes of delirium.
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Medications may also modify the effect between delirium and LTCI either by exaggerating an underlying pathology described above or through mechanisms unique to classes of medications.
There is currently a paucity of research explaining the relationship between medications and LTCI among survivors of critical illness. It is unknown whether LTCI is influenced by long-term exposure to certain medications, such as anticholinergics and benzodiazepines, prior to an acute illness; [27] [28] [29] it is also unclear whether exposure to certain medications in the acute, critically ill period, and in the immediate recovery period influence LTCI. [30] [31] [32] Because medications are often used as the primary method to manage many acute and chronic disease, understanding the role of medications in the trajectory of LTCI could significantly shape pharmacologic strategies for acute and chronic treatments in this vulnerable population.
LTCI from delirium appears to differ from AD in several important ways. First, LTCI appears to affect multiple cognitive domains (executive functioning, memory, and attention) rather than primarily memory. 20 Second, many patients' LTCI improve within the first year, although they can persist for many years in some individuals. This profound drop in cognition is quite different from the progressive nature of AD. Third, executive functioning in LTCI is associated with worse severity of depression and poorer mental health quality of life. 33 Finally, LTCI may be associated with smaller superior frontal lobes, thalamus, and cerebellar volumes and white matter damage, whereas AD is classically associated with hippocampal atrophy. 34, 35 Interestingly, however, smaller hippocampal volumes are also associated with longer duration of delirium.
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II.D. Mental health impairments
Depression, anxiety and post-traumatic stress disorder are the best-characterized mental health impairments in PICS. Among adult ICU survivors, prevalence is 19-37% for depression, Patients who develop critical illness may be more likely to have premorbid psychiatric illness compared to those hospitalized in general wards and the general population. 46 The role of aging and mental health impairments need to be better understood. Mental health problems after critical illness occur across all age groups. Studies have found that older age is independently associated with increased depression and worse mental health quality of life. 18, 47 Some studies have found that younger age is a risk factor for PTSD, 48, 49 but other studies have found that age is not associated with the risk of PTSD.
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III. PICS-FAMILY (PICS-F) AND CAREGIVER STRESS
Post-intensive care syndrome-family (PICS-F) describes the psychological impact of ICU hospitalization and post-ICU recovery on family members and other caregivers. PICS-F symptoms can start in the ICU and often persist in the post-ICU phase. Prevalence rates at six months of 15-24% for anxiety, 4.7-36% for depression, and 35-57% for PTSD have been observed. 52 Complicated grief after the death of the patient is seen in greater than 50% of relatives. 53 Demographic risk factors for PICS-F include female gender, younger age of patient, lower education level, spouse of patient, previous history of mental health disorder, and family history of mental health disorder. 52 The RECOVER study found that caregivers of ICU caregivers who were younger and had less social support were more likely to be persistently depressed at a year. Interestingly, no patient characteristics were associated with poorer mental health outcomes in caregivers. 54 ICU-related risk factors for PICS-F include perception of patient being very near death, unexpected or sudden patient illness, family members with greater levels of anxiety and depression about the ICU hospitalization, and poor communication between family members and ICU physicians. Interventions for PICS-F include diaries and educational materials. 56 Diaries are written by the ICU staff and family, and include photos of patients and family members during the ICU stay.
Patients take the diaries with them when they are transferred to a hospital floor or discharged from the hospital. Educational materials include pamphlets or brochures about PICS and informational videos available on the hospital TV and social media. Condolence letters written to family members may actually worsen their depression and PTSD-related symptoms. 57 Potential areas of study for PICS-F include differences in PICS-F in older versus younger ICU survivors, algorithms to identify caregivers at high risk for PICS-F to deliver depression-focused psychotherapies, and family based interventions to provide emotional support while in the hospital and after discharge.
IV. PREVENTION AND TREATMENT OF DELIRIUM
IV.A. ICU-based interventions
In 2013, the Society of Critical Care Medicine (SCCM) developed the Pain, Agitation, and Delirium (PAD) guidelines. 58 There are a few practices worth highlighting since they are unique to the ICU and relevant to geriatric psychiatry. However, their impact on LTCI is unknown. The PAD guidelines also highlight the importance of limiting benzodiazepine use to alcohol or benzodiazepine withdrawal and administering non-benzodiazepines whenever possible.
Systematic literature review shows that the use of benzodiazepines and duration of sedation are significant clinical risk factors for the development of post-ICU PTSD. 40, 51 Long-term high doses of benzodiazepine used for sedation increases the risk of longer duration of delirium, the PAD guidelines indicate benzodiazepines may be associated with LTCI, but this question needs further investigation as noted above. Likewise, antipsychotic use should be limited for agitation.
Antipsychotic use has not yet been consistently shown to improve duration or severity of delirium, hospital length of stay, or mortality. 60 Nevertheless, clinicians should minimize use of antipsychotics when treating behavioral disturbances.
IV.B. Post-ICU Interventions
There is a need to develop interdisciplinary consensus guidelines for psychotropic stewardship in older ICU survivors. ICU patients are often discharged on inappropriate medications, which they continue to use for a significant duration post discharge, including anticholinergics, opioids, nonbenzodiazepine hypnotics and benzodiazepines, and atypical antipsychotics. 61 Despite the recommendation to minimize use of antipsychotics, almost a quarter of patients were given a new antipsychotic during their hospitalization are discharged on an antipsychotic. Although there are no specific guidelines for discontinuation of antipsychotics in the post-ICU phase, the American Geriatrics Society recommends the use of the lowest dose for antipsychotics for postoperative delirium when given for behavioral disturbances, and soonest possible discontinuation.
If clinicians decide to continue psychotropics upon discharge from ICU admission, they should weigh the benefits versus risks, such as the FDA black box warning for antipsychotics. cognitive and functional symptoms. 62 One major concern is that although psychiatric morbidity in ICU survivors is associated with adverse effects on patients' quality of life and increased acute Page 10 of 22 care service utilization after discharge from the ICU, 43 ,65 the role of mental health professionals in these ICU survivorship models has not been well-defined.
V. FUTURE DIRECTIONS
The rapidly growing population of older ICU survivors presents critical care medicine with an unprecedented clinical challenge. How do we widely disseminate geriatric mental health services for patients with complex psychiatric comorbidities and comorbid cognitive and functional impairments due to critical illness? The current model of primary care or critical care medicine starting a first line antidepressant will not address this population's needs. Nearly one third of adult survivors seen in the Critical Care Recovery Center were on an antidepressant at their initial visit, but half of these treated survivors still had significant depressive symptoms. 45 To worsen matters, access to geriatric psychiatrists is dropping due to a lack of workforce and the increasing mental health needs of older adults. Most importantly, the recovery care coordinator continues to work with the patient and family in the outpatient setting until the care plan goals are achieved. Third, the monitoring and interventions should be protocol driven, and ideally, technology driven to minimize staff burden.
The protocol driven component is a key addition to ensure consistency in mental health involvement, rather than completely relying on clinical staff, who change with every shift. Table   1 
